varied by a factor of 2 during the period 1950-1983 [Englebretson and Walsh, 1989] . The lack of knowledge on the current variability obviates more precise conclusions on the total ice export variability during that period.
The ice export through the Fram Strait makes the Arctic a net ice source accompanied by a net brine rejection to the mixed layer in the Arctic basin. There are several sources which compensate this salinity increase and produce a stable stratification. The largest inflow source to the upper layer is the Pacific waters through the Bering Strait, 1.5 Sv according to Aagaard and Greisman [ 1975] ; the salinity of this water is 32.4 ppt. Of more importance to the salinity budget is the 0.1 Sv of river runoff [Aagaard and Greisman, 1975 ]. The snowfall rate over the Polar sea ice is a poorly known quantity, both spatially and temporally. Maykut and Untersteiner [1971] estimate about 40 cm yearly snow accumulation, the equivalent of 0.05 Sv of fresh water. Therefore in terms of salt fluxes, combined river runoff and precipitation is the largest component in the salt balance to compensate the net brine rejection.
Earlier modeling experiments show that large variations in the fresh water sources, such as the planned Soviet river diversions, can modify the Arctic ice cover [Semtner, 1987] . A study by Stigebrandt [1981] suggests that a removal of the Bering Sea inflow may even be catastrophic for the stable stratification on which the existence of the year-round sea ice cover is dependent. The one and one-half layer model of Killworth and Smith [ 1984] shows how various inflows affect the stable stratification.
The one-dimensional ice-ocean model used in this study was developed by Mellor and Kantha [1989] . The snow-ice model is an extension of the Maykut and Untersteiner [1971] and Semtner [1976] thermodynamic models, which are forced by winds and monthly air temperatures and monthly climatological humidities and snowfall rates. Here, however, ice concentration is included as a prognostic variable. The ocean model contains only the upper water column of 80 m, at the bottom of which the temperature and salinity are fixed at values -1.54øC and 32.65 ppt from the region north of 83øN. The one-dimensional model represents the areaaveraged Arctic basin and is driven by area-averaged surface forcing. The turbulent mixing coefficients are determined by the Mellor-Yamada, level 2«, turbulence closure scheme. As was discussed above, the ice export through the Fram Strait is important to the mass balance. In the model, the areal ice export is a constant and appears as a sink term in the ice concentration and total mass equations. This sink term requires the Arctic to be a net ice production area, which also means that there must be a net salinity input to the mixed layer.
In section 2 we first discuss the one-dimensional model, while referring to MK for many details. In section 3, the surface forcing is described for both a seasonal climatology and the subsequent, 100-year calculation. Results of two calculations based on these surface forcings are described in section 4.
THE ICE-OCEAN MODEL

Ice Model
The one-dimensional model used in this study is described in detail by MK. The prognostic properties of the ice model 
In these equations fj = (0, 0, f) is the Coriolis Parameter; P• and P0 are the ic e and water density, respectively. rat and r•o are the atmospheric air-ice and interfacial ice-water stresses; and h• is the average ice thickness. In equations (2) and ( The second term on the right-hand side of (3) is active only when ice is melting, i.e., the term is negative or null as determined by the Heaviside function. It represents the reduction in ice concentration due to the fact that the thinner ice near the ice edge will be removed first. To determine q•, we first need to be careful with definitions. First let 9(h) be the ice thickness density function such that 9(h)Ah is the 
FORCING
The coupled ice-ocean model is run with a 1.5-hour time step using wind forcing which varies cyclically with a 4-day period so as to simulate passages of low pressure systems. The magnitude of the mean wind is 6 m/s, which corresponds to the average wind speed given by the monthly climatology by Gorshkov [1983] . The sensible and latent heat flux are computed using bulk formulas, with exchange coefficient of The freshwater dilution of the upper layer necessary to maintain annual equilibrium of the upper ocean salinity was determined in the equilibrium simulation. This models the freshwater inflow to the Arctic, which is compensated by the divergence terms that appear in (2) and (3) to simulate the outflow of ice through the Fram Strait. The divergence estimate used in the model is based on the areal outflow value of 0.84 x 10 6 km2/yr by Moritz [1988] , which divided by the area of Arctic, 1.2 x 107 km 2, gives 2.3 x 10 -9 s -1.
As a result there will be a small amount of open water present in the wintertime; however, this divergence does not represent the small-scale lead formation due to curl and divergence in the local wind field, which can be considerably larger.
The long-term simulations use two different data sets. The first one is from Hansen et al. [ 1983, 1988] After the 1930s, since more data were available, the two data sets appear to behave nearly identically.
RESULTS
Equilibrium Seasonal Cycle
Since there are some differences, such as the forcing and boundary conditions at the ice-ocean interface, compared with the MK model, a climatological seasonal simulation is repeated. In this simulation we determine the amount of salinity to be removed from the water column to compensate, 
Results Using the Hansen et al. Data
The model runs are all spun up for 40 years using the climatology described in section 3, after which a 4-year linear transition is made to the air temperatures which are the sum of the CM climatology and the Hansen et al. anomaly field; we define this to be our standard case. The upper layer salinity correction as previously determined from the seasonal equilibrium simulation is kept constant for the long term simulation.
A test of model sensitivity to the initial conditions was done by using an estimate for air temperatures to be -IøC Figures 9a and 9b show that the large decrease in the summer melt occurred during the periods 1900-1905, 1910-1920, 1947-1950, and 1963-1970 . This decrease in summer melt is also reflected in the minimum ice thickness changes which have a larger amplitude than the maximum ice thickness changes, with the summer ice thickness changes leading the changes in the winter ice thickness (Figure 7b) .
The integrated effect of the salinity fluxes on the upper ocean is shown in Figure 10 
